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INTRODUCTION

The purpose of this study was to exam the possibility of designing
a zoom lens appropriate for use on a comet explorer. The system

requirements were as follows:

Variable focal length 200 to 2000 mm

Image size | 18.6 x 18.6 mm

Resolution MTF 50%Z at 28 line pairs/mm
- Spectral range ' 500 to 1000 nm

Volume 30 x 30 x 70 cm

Back focal distance ‘ 90 mm

Object focal distance 10 mm to infinity

The general requirements were to design a system with a variable focal
length ranging from 20 to 200 cm with an overall length somewhat less
than 100 c¢m. The requirement to place the entire system within a length
less than the maximum focal length placed severe restrictions upon the
design. The requirement of a wavelength range of 0.4 to 1.0 ym produced
an even greater limitation upon the possibilities for a design that
included a catadioptric front end followed by a zooming refractive
portion.

There were other requirements relating to the range of focal
distances needed and the weight and specific package within which the
lens would fit. These requirements were considered of secondary
importance to the major question of whether a leans could be designed to

fit within the length constraints.



To examine the possibility of such an optical system, some
potential designs were examined by Mr. Douglas Ricks. He began the
pfoject as a class exercise and continued it through the summer period,
but had to stop work and return to his employer in mid summer.
Therefore, a spccessful design meeting all of the space and wavelength
requirements was not completed. Some of the designs investigated have
the potential of being carried on toward a final design, but meeting the
space, wavelength, and zoom range requirements does not seem to be
possible. It may be necessary to make some compromises in the
specifications or the operational approach in order to obtain a useful
system.

A survey was carried out of presently available zoom systems. .One
approach showed the possibility of meeting the requirements and should
be followed up.

The requirement for the wide wavelength range necessitates the use
of a catadioptric front end for the system. As a consequence, there are
some limitations on what can be accomplished. To estimate the effect of
the wévelength range on the design, some simple examples were
considered. For a refractive system, the amount of aberratiou blur in
the paraxial focal plane resulting from secondary residual color is
given by about d/2400, where d is the diameter of the'aperture of the
lens, for a wavelength range of 0.48 to 0.66 um, or a spectral width of
about 0.2 um. The requirement for this lens is a spectral width of
about 0.6 um. Since the amount of the blur is related to the square of

the wavelength range, this leads to a blur of about d/400. Refocusing



should lead to a reduction of the blur by about a factor of 2, leading
to a factor of 4/1000 as reasonable for an estimate. Table 1 shows the
estimated effect of this aberration on the system ét various focal

lengths for a relative aperture of £/8.

Table 1. Approximate Effect of Secondary Chromatic Aberration on an
f/8 Refractive Lens System.

Focal Aperture Color blur

length diameter (mm) (mm) 1p/om
200 25 0.025 40.000
400 50 0.050 20.000
800 100 - | 0.100 10.000
1200 150 : © 0.150 6.667
1800 225 0.225 4.444
2000 250 0.250 4.000

This table indicates that, if no other aberrations are present, the
spectral width limits the resolution as shown. Since the likely
detector will have a sample distance of about 0.02 mm, a required level
of resolution at this stage is 1.04 or 25 lines per millimeter. This
system would be acceptable only at short focél lengths.

If a reflective front end were to be used, the size of the blur
would be reduced in direct proportion to the demagnification of the

aperture entering the refractive zoom system. If a reduction of 3 times



. is used, then the effective multiplier in the determination of the
residual color blur becomes d/3000. Table 2 shows some values for this

case.

Table 2. Approximate Effect of Secondary Color on a Catadioptric.

Focal | Aperture Color blur
length diameter (mm) (mm) lp/mm
200 25 0.008 20.000
400 50 0.017 60.000
800 100 0.033 30.000
1200 150 0.050 20.000
1800 225 0.075 13.333
. | 2000 250 0.083 12.000

The l1limiting resolution for this case can now be used as a starting
point. Therefore, we can see that the color requirements lead to a
catadioptric system.

There is another §roblem to be considered. The requirement for a
central obstruction means that there will be an obstruction of variable
size in the system, with a proportately larger obstruction for the
shorter focal lengths. This needs to be worked out as a compromise in
the final design, and might be i1nappropriate for this set of

requirements. In addition, if an object is at a finite distance, the



centrally obscured aperture will produce a normally undesirable "donut”
effect from out-of-focus glints.

The above discussion is only an initial one. The use of special
glasses and clever trading of space versus number of elements change
the results somewhat. However, these do represent material limits upon
lmage quality and will influence the design.

In the following sections, Mr. Ricks discusses his design work on
the refractive and catadioptric system. A brief survey of the state of
the art follows, at least as far as could be ascertained during the time
available.

The final conclusion 1s to look at the possible modification of an
existing design before proceeding to the full design of a new type of

system.



COMPUTER STUDY

The investigation of zoom lenses began with a three-lens system

based on design formulas from Modern Optical Engineering. These

formulas can be expressed as:

R=v/M,

where M is the zoom ratio,

is

is

is

to

_ (R-1)/R ,
*A = [TGR-1)(R+1)/44R °

the power of the first lens,

$3 = ~¢a(R+1);

the power of the second lens,

¢c = [9a(R+1) + $(4/R+1)]R/(3R-1)

the power of the third lens, and L is the length from the first lens

the image plane.

It can be seen that for a zoom ratio of 10, the power of the second

lens is more than four times the power of the first lens. When the

length L is small, the denominator of the expression for the power of

lens A is near zero, hence the power of lens A is large. A short zoom



lens with large zoom ratio causes the powers of all the lens elements
to be large. Large powers mean large aberrations that usually require
splitting each lens into a number of lenses so that the power per lens
is reduced. Furthermore, higher refractive indices are necessary so that
higher powers can be achieved for the same surface curvature.

The three-lens system required too much power per element and was
difficult to make continuous. Therefore a four-lens system was decided
upon.

The function of the first lens, when positive, is to collect the
light and begin to focus it. If the second lens is negative, it can
create a telephoto effect. When the second lens is close to the first
lens, the focal length is at a minimum. Increasing the separation of the
lenses increases the focal length.

The third lens moves to keep the image plane statlonary. The
fourth lens balances the powers and provides control of the aberratioms.
In Zoom Lenses by A. D. Clark, various types of zoom lenses are
categorized accor&ing to whether the image plane is held stationary by a
nonlinear movement of a lens (the mechanically compensated type) or
allowed to vary slightly (as in the optically compensated type). Clark
lists five types of mechanically compensated zoom lenses and three types
of optically compensated lenses. When the first and fourth lenses are
held fixed, the second lens is negative and the third lens is positive we
have a Type-2 lens; if the third lens is negative, we have a Type-3 lemns.

The Type-2 design was used with the variation of having the fourth

lens negative instead of positive. Later, as the lens was optimized, the



last lens became positive. In the Type-4 lens there are three moving
lenses between stationary lenses, though the second and fourth lenses
usually move together. The Type-5 lens has negative lenses in place of
the positive lenses of Type 4 and vice versa. Types 4 and 5 combine the
virtues of optically and mechanically compensated lenses, but appear to
be more difficult to design. Mechanically, they are also more
complicated.

After finding a solution for the powers and positions of each lens
to provide a 10:1 zoom ratio of focal lengths from 200 mm to 2000 mm in
a space less than 70 cm, an attempt to reduce the extremely large
aberrations was made by making each lens into three elements. Each
positive lens was split into two positive elements and a negative
element, each negative lens into two negative elements and a positive
element. The purpose of adding a negative element to a positive lens
group 1s to better control aberrations. It is also necessary to make
the positive and negative elements of different glass types. The
positive elements are crown glasses with low dispersion, the negative
elements are flint glasses of high dispersion.

While the addition of a negative lens of high dispersion will help
to control aberrations, it does require that the positive lens have even
greater lens power. An increase in lens surfaces and glass types as
variables creates a gain, but the stronger curvatures cause a loss. To
increase the correction available during computer optimization, one

surface in each lens group was made an aspheric surface.



This lens design was faced with too many problems to promise a
good solution. The chromatic aberrations were very large and
troublesome. The large apertures and high curvatures meant aberration
control could be achieved only by balancing high-order aberrations such
that a little change somewhere immediately made everything worse. Of
course it is impossible to know for certain, but it began to look like
the design would require more than 20 lens elements and would be very
slow to correct. When the paraxial aberrations do not provide good
approximations (as when the apertures are large and powers are high as
in this case) real rays must be traced. When there are a lot of
surfaces and several zoom configurations, the optimization becomes
extremely slow. Furthermore, it becomes important to choose carefully
which variables to use in the optimization and how much weight should be
placed on them. Improvements do not snap into place.

The catadioptric system offers several attractive advantages.
There are no chromatic aberrations in a mirror. The aberrations are
generally reduced because a mirror can provide greatér léns power for a
given curvature than a glass element can. Furthermore, a mirror system
will fold a system that would be much longer if realized with glass
optics alone. On the other hand, there are difficulties with providing
an iris for relative aperture control.

When the catadloptric system was designed to keep the size of the
lens elements reasonable, an intermediate focal plane was needed. A
lens was placed in this focal plane to "relay” the image. The mirror

surfaces were aspheric and a corrector plate was placed in front.



Basically the mirror system concept seems to work well. The
mirrors do most of the light collection and focusing without introducing
a lot of aberrations. With the relay lens the glass elements can be
kept small, so the entire system should be rather lightweight.

In the mirror system the wide angles of the shorter focal lengths
becomes a problem. It was decided to concentrate on the focal range of
360 mm to 2000 mm. The extreme wavelength range made it difficult to
obtain good aberration correction, so the range was reduced to 0.435 um
to 0.70 ym.. This was a great improvement.

In the catadioptric design selected, the zooming is accomplished by
moving glass elements after the mirror elements. The room available
here is not great (about 40 cm) and the lens powers were still high. A
zoom system of all positive lenses significantly reduces the powers
necessary. It also presents other problems, i.e., it was necessary to
add a "field flattener" just before the focal plane to reduce the fileld
curvature.

Because of the central obscuration (from the secondary mirror) the
clear aperture necessary to obtain a constant light intensity on the
image plane throughout the zoom range is more complicated. At the
shorter focal lengths only a small ring of aperture is available, thus

reducing the MTF values.

10



PATENTS

Three zoom lens patents were received from the U. S, Patent Office
(see Appendix A). The patent numbers were found in the book Zoom Lensesl
by A. D. Clark. The most recent of these patents is, unfortunately,
more than 20 years old. A great deal of progress has been made in zoom
lenses since then. These patents describe useful general design
considerations. Two of the patents give refractive index and Abbg
numbers for a representative system.

The ACCOSV zoom system described by Takeno's patent was put om.
The system has 32 independent glass surfaces, and uses 13 different
types of glasses—many of them exotic. Since only the refractive index
and Abb& number were given, the exact glasses used were not known.
Although described as compact, when scaled up to the 200- to 2000-mm
focal length requirements, the system became extremely long (2878 mm).
Furthermore, the correction at 0.4 ym and 1.0 ym was terrible, although
this may be due to an error made in glass selection. Ray fan plots are
shown in Appendix B. The lens was rescaled to conform to the length
requirements, but the aberrations were tremendous with the increased
element powers to achieve the desired focal lengths. No doubt further
computer optimization could reduce aberrations and maintain physical

length and focal lengths.
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CORRESPONDENCE

letters were sent to seven companies that manufacture zoom lenses.
The names and addresses are given in Appendix C. Of these companies,
replies were received from three: Celestron, Angenieux, and Zoomar. In
fact, Angenieux sent two replies from separate branch offices.

The first from Angenieux said that their zoom 10x18-T2 lens might
work, although the back focal length was only 50 mm. To reach a longer
back focal length, the zoom 10 x 40-Tl1 was needed. These lenses have a
maximum focal length of only 180 mm and 400 mm. The f/number varies

with the focal length.

The second reply from Angenieux was from a different office that
had received the inquiry via Arriflek. They claimed to be able to meet
the requirements Qith one of their 42x zoom lénses. Table 3 lists the
requirements and how well the various commercial products meet those
requirements. Further information 1is provided ;n Appendix C.

Celestron did not have what was required. They do sell telescopes
of the appropriate focal length and zoom oculars, but these zoom oculars
would allow a zoom ratio of only about 2x and are for visual and not
camera or photographic use.

The Zoomar Universal Tracker combination is a system that can be
adapted to various cameras, vidicons, or other instruments. The basic
unit has a maximum focal length of 900 mm, but Zoomar can provide a 2x
extender to iﬂcrease this to 1800 mm. Frequently Zoomar modifies their
products to meet customer requirements. The Universal Tragker comes
with a 4-post filter wheel and has little room otherwise between lens

and image plane.
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Table 3. Comparison of Some Commercial Zoom Lenses.

Focal
length (mm)
Minimum
Maximum

Relative
aperture

Image size
diam. (mm)

Minimum
object

distance

Size

Height (mm)

Width (mm)

Length (mm)
Weight (1b)

Resolution
50% MIF at

center (1/mm)

25% MTF at

Angenieux
10x18-T2 10x40-T1 42x24 42x 32
18 40 24 32
180 400 1000 1350
nf/2.5 ~vE/1.5 £f/1.7- £/2.3-
£/5.7 £/7.6
16 21.4
4 m 4 m
190 190
220 220
700 ~700
V75 75
15 nv15
15 n15

corner (1/mm)

Zoomar with
2X extender
universal
tracking

180
1800

£/11

25.4

800 ft

300
200
700-800
60-90

w25

25
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One requirement not specifically addressed by the commercial
suppliers of zoom lenses 18 the performance of the lens at wavelengths
other than the primary design wavelength. Angenieux shows that the
transmission drops off to about 15% and 25% at 0.4 ym and 1.0 ym-
respectively. Neither Angenieux nor Zoomar shows how the MTF depends on

wavelength.

14



CONCLUSIONS AND RECOMMENDATIONS

The refractive-optics zoom lens design created for this project
must be improved before the aberrations can be reduced sufficiently for
the required resolution. While improvements could be made with further
computer optimization, an additional six or more elements would probably
be required. Several of these would be large and utilize expensive,
exotic glasses. Probably several aspheric components would also be
necessary. It is possible that no reasonable amount of effort nor
addition of lens elements would improve the lens performance
sufficiently. The basic problems include too much variation of focal
length, too large a focal length, too wide a spectral range, and too
compact a space requirement. The present preliminary design is given in
Appeﬁdix D.

A catadioptric system, that is, a system with both mirror and glass
components, was also investigated. The degree of aberration control is
much greater in this system. To some extent this is because more time
was spent optimizing this system than was spent optimizing the
refractive optics system. The catadioptric system started out with
lower aberrations. Furthermore, the spectral width and the zoom ratio
were reduced so further progress could easily be made. Further
optimization would certainly be possible, but meeting the resolution and
spectral range requirements would very likely require several more
components. The catadioptric system has good chromatic aberration
control and low light loss, but stray light control and relative

aperture control are not as good. Details of this preliminary design are

15



found in Appendix E.

In conclusion, the refractive optics design would be heavy, require
numerous elements, be difficult and time consuming to perfect, and may
be unsuitable for near-ultraviolet and near-infrared wavelengths. The
catadioptric system would also require more optimization, possibly a few
more elements, and would have a restricted zoom range of about 360 to
2000 mm. Of the two designs, the catadioptric system probably has the
best chance of success, as long as the shortest focal lengths are not
really needed.

Zoomar Corporation has an existing catadioptric with zoom that
begins to approach the requirements. A suggested approach is to
determine 1f Zoomar can modify.their present lens to fit the space and
welght requirements. The extent to which this can be done can be

estimated from the current design work.
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LITERATURE

The following is a list of some interesting sources of information

on zoom lenses. A brief description of some useful ideas in each

reference is included.

1.'

Monogrgphs in Applied Optics No. 7. Zoom Lenses, by A. D. Clark.

American Elsevier Publishing Company, Inc., New York. 1973.

An excellent source of information on zoom lenses. The small book
includes a brief history, descriptions of mechanically and
optically compensated zoom lenses, design formulas, information on
focusing, and mechanical factors. There are a couple of dozen
patent numbers given, drawings, and information on usage of

various types of zoom lenses.

There are descriptions of five types of mechanically compensated
lenses (our refractive lens design 1s Type 2) and three types of

optically compensated lenses. Curvatures and glass types are not

given.

Photographic Optics by Arthur Cox. Focal Press, London and New

York. 1966.

This book contains a good introduction to zoom lenses and some

helpful ideas for mirror lens systems. There are descriptions of

17



four types of mechanically compensated zoom lenses. There are
three pages of tables listing zoom lenses and 38 drawings. The
longest focal length given is 40 inches. Specific lens curvatures

or glass types are not given.

Lens Mechanism Technology by D. F. Horne. Adam Hilger, London.

1975.

There 1s a wealth of useful information on the mechanical aspects
of zoom lenses in this book (the details of cam movements and so
forth). Several of the systems described have zoom ratios of 10:1
or more. The zoom lenses illustrated have between 14 and 31
elements. Again, no specific design information for optical

design.

The book also points out some of the advantages and disadvantages

of mirror or catadioptric systems: freedom from chromatic
aberration, low-light absorption, wide range of wavelengths,
support of optical surfaces from the back. It mentions that

adjustments to relative aperture are “"impossible.”

Photographic Lenses by C. B. Neblette.

In many mirror systems there are glass elements that optically

come after the secondary mirror but physically come bétween the

18



6.

two mirrors. Apparently with the proper baffles, you can get away
with this. It might help to provide room for the movement of the
glass zoom componénts thus reducing element powers and improving

aberration control.
Another interesting point was that the last lens group frequently
contains six or more elements to reduce system aberrations.

Distortion is always a problem in a zoom lens.

The Photographic Lens, by Hans Martin Brandt. The Focal Press.

1968.

There is a rather good discussion on methods of design for close
focusing. There are about 20 pages of a table listing zoom
lenses. There are a few 10:1 zoom ratio lenses, one made by

Fujinon goes from 80 to 800 mm for a TV format.

Physical Optics in Photography, by Georg Franke. Focal Press.

1966.

Some help for the design of mirror lenses and for first-order zoom

lenses.
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Journal of the SMPTE Vol. 30. "Recent trends and developments of

zoom lenses,” by G. H. Cook and F. R. Laurent. August 1971.

This article describes some ways to achieve close focusing.
Basically, one uses a positive and a negative lens of equal but
opposite power. Moving them apart affects the distance the object
must be from the lens to be in focus. There is a description of a
zoom lens which is somewhat between an optically compensated and

a mechanically compensated lens.

Journal of the SMPTE, Vol. 77. “The surveyor variable and fixed

focal-length lenses,” by Carvyn Ellman. April, 1968.
It was found that special glasses were not necessary for use in
space. The design did avoid cemented doublets to make sure

outgassing would not be a problem.

Modern Optical Engineering, by Warren J. Smith. McGraw-~Hill.

1966.

Contains a good discussion of catadioptric systems. There are also
some useful formulas for the design of a Type-l (Clark's

categories) zoom lens.
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gusly increass or dectzass i e
tons of the said three mavedh!
and contiaumndy varfed by th
caLan varving meaas, ang Dis ¢S
forrad fecture of the invez:on.
Ths ranres of movement of the leasss a~e preferzbly
such that the maxiraem 2nd minimum mamifzotions of
the Svstem are reciproczlis one of the other. This is ad-
vantapeous in corcectisy the aberrations of he sysien.
The 1two mevabe posilive lonses prelsrably buve eguud
focal lengths and the me zments of the three movab:
Jenses ire preferuhly su.h that durng their raaze of
mevemcats the position of the meruiive ieps reizive to
the two posiuve lenses changes from near one of the
positive lences (1o give one imit valuz of marmifzacdon)
to ncar the other of the positive jemswes (lo give andther
hmit value of maguificauon, which lim* value is the re-
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ciprxal 'of the o:her limit velue). The focal ienpths
of the lfzrees of the <vslem are preferzbly such as to
give op; reximately egual amounts or posiave and nepga-
five prwer in the s\wicm.

Tbe maximum Zistance throuzh which it 15 necessary
for the rezntive lens i bz moved has deea found 0 de-
pend tpen ine value of ihe seid constant axial disiance
berwern 122 twe pesitive fepses. 1t has besa found that
the necesszry displucement of the negative lenc. relative
to a fived zoirt on ihe base. is in ope s¢ense ior smalt
valu»s of the consant axial disiznece beiween the two
peiuve rries U3d iy IR the opposite sepse for suitable
es of thal consas! disiance. To sumplify the
JoH desien ¢f the magrifizadon venisg meacs
the vaivz of the cumstiant axial distance Setweszn the two
$<isive lenses m#iy be chiosen so Mat the cistance through
which tae angziive l2es Bas to be moved is at 2 minimum
or at lcatt i osmzll. Wo cal;s‘\' other conditions, hHow-
ever, (e o correcticn of abctratians) it may be desizable
10 cmp!:‘) a digirent constant axial diswnoe beiwesn
the pesitve lenses and conscquantly 1o move the peaative
leas threosh o larger distance. It has beea foend thai
an ipcrez2:z in the value of p= sonstant axial distance
terween e two positive lenses rasults in it being neces-
sarv 0 move these lences throuzh a sraiier distance
rzlziive 1o the basz 1o aclieve ary ziven rusze of meenifi-
otien. -rd that. alternatively, noavemen: of e posi-
wve fenwcs throvgh the «ome distznee providss 2 greater
=rae of & mag ot 2alion.

In ceafunction with any eiven focal length for the
nezative lens, the positive Jenses may have ary of a

range of faczl lenzths. Az increase in the valve of the
IL-.-I lengths of 1h- positive lensss enables a greater rangz
of maon ion 1o hc achieved

In the sostzm o) the present irvention the ipdividua!
magnificztions of 2!l of the thret moverle Jenses change
in one and the «nie direchier whan the maznifization

VATYVIZE meons a2tz ope-iied 10 chanpe 12: magmiScation
of th~ completz svetemn.  Consacuertly (f :
2ll corintire in the seme wnse t'e detvived chonge in
magnificalicn.

Thz 1nvention cnotle. very large var: anors 0{ mag-
nidcztion 10 be cra‘ned withea! the ovir-il lzagth of
the sveiem beirg excess've.

The svsiem may incivde s o fixed or stztionary lenses
positicned on the epsicul avis, re.necrively opiizallv be-
fc.e ani 2fter the three movapls lenses. The staionary
izrsesy may bo both of the sume sign and are preferablv
ooth pocitive Jenses.  Thev are preferab!y of ecual focal
leazik ard symmerrically positioned absu! the mid-pesi-
tion of the three movable lensss.  The inziusion cf such
a pziv of fixed positive lenses increases the oversil length
of the <istem bt faziiiinies the correction of zhermations.
The cﬂ'c': of the fixed ierses is to incres the ancle of
roys o7 162 aniel puncil. thereby 2ffording the possibility
of an ircreased relotive cperture (lower Y numbar) with
the <cmz linear Jenc dinmeters. In thiz case hy amang-
ing ibotthe nower of the renr fixed positive lens is greatsr
thzn k2! of ithe front fixed positive lens the equivalen;
focui | '.-.:fv cf the sysigm is reduced by a factor which
s greater than the red 1 of the overnli length ard,
m conweceence. as Stz ¢ zbeve the advaciare of graat
reZuction of overall leryth is last. It remaine. however,
that wren a Jaree rarge of megnification it conternplated
that adariuge is ohtainable and this is of consicerable
adveiree 1o the desizser.

Th- vurpec of moverient of the movable lensys are
srefarobly such faat o1 one. o each, limit of their move-
rent. the msvatle nepative lens lies very clese 1o one
of the muvidis positice leas. rhe criierior of clotzcess
bring that the prncipal planes of the movable neeative
lens ond the witiiert movatle positive tens shall have
a se7miaticn v ity «> very small in comparison with their
15527 {eacths. 3 fved or normally stauczsy lexs, pref-

erabiy a negar’ve lens. may be positioned ortically i T
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front of the vable henses axd oy be adiusr...hic alocg
the avs o focos the swstem far objeets 2! various dis-
wnces from the 2se  The normally stationary negative
lcos mav be of wch focal lexeth thet when it & focused
for an infmite objet Graame the posrlion cf the rorozl-
ly stalioe=ry aeeadve lems ks soob thLt an Ut permits the
foll range of movescne of the meovable prsitive Jerses,
with 2 cddeaun: dexrmmined ooty by practical concdera-
ucxs A dwphrazm sion for the sysiem may be placed
in cemact with the movabtie mezztive foxs ard when the
whele «xsiem 2 werkizz v is widz azele mositon the
seporoticn betesen tha ~._‘!1 szromry aesatve lens
end the from ere of the movills posine lenses meay
be of the order of the focz) leaseh of the rormezlly sta-
tonary nexiiive leos I the minetle remiiive lens &
I comust with the pomizive lenrs cearest to 1h: pormally
$12h0nary degaiivc kom. Uk Ure $ioD po-iting so dzier-.
mined cor<titoiss the exit pupl for the rormaly sta-
tonary pesute lems apl i comseqeence. (be distapce
of the ertromee vl for s Yemc will he ar ¢ distange
rearwardls o #t of the order of balf s foc! lenzth, and
this meanos the! the imodenze heichts for the prinopal
rays are seall dor 2 kos of ?s kind and hence permit
the vee f a larm= angle ficld This is of importance
in correcting te aberraticss.

A snecfic exarrple of a2 system embofvine the in-
vezntion 33 row be discrived by sy of ehr"p'“ ¢
with r2forence 10 the coamsanying drenin oS, in which:

Fimare 1 & a flzgremesiic lorzimzzs! wotion show-
fng i ¢ omica! amerpemem of the gstem:

Fimmme 25 ¢ Ios m._! sesticma! view of Lo sis-
tem, L:hen on the Ko =2 of 51

Fizare 3 is & seCenal view raLc: c:x the Linz 3=3
of Fiioz =

Ficire 4 b 2 grepk sncwirs the movzment of the
movsbl neszty: lex reizive 1o the bese

Fizurz § shows oy paihs throvoh th: sisiem, and

Figure 6 shows a modified SYSIEm I - e O POsi-
tive isnse, respecsively opacly befors and after the (arze
Dovadie leases

N This ex2TTin the sl y oplz-
tonzry pegEive wo: 1i. fep mos Laees 12,
13 2nd 2 movetle nemve jers 14, An ;,-1;_,, yecener,
e g afilm fsplioes ar 15 The monetis positive jer:es
ll. 13 a2r= rigd'y mormied oo 2 exvzes 16, which maic-
r2its them af a comseom: xic} distasnic opar.

The lemses e hoved © 3 ::si:.g 17 baving 2 buse
18. The carriose 16 bas whee's 18 abich rum on raills
21 senioed o e osiop 17, asd the erdegr I pro-

.-..

r peiicd alonz the = b 2 @ot dovicg wire 22 which

e
bas s eods amached T T oTiazs 2 The nize
X pasxs over zde ;ulltw 5 and it ao,nd severs|
timts around 2 dm 26 The dins mov 5 orowmted
emher duesting by 5

2t 23,23,

o correl koo 27, theehy (o drs
the curriaes aiorg the raily and so more cually the tve
positive Yemses 12, 13

A bMock 31 seooed SetBy w0 e bose 1D provides a
qauoenry bexsns for 2 verdcn! shalt 32 ecrmyvins for re-
tafica weether =72 k& 3 pea- wheel 33 ond a cam H.
The gear whae! B ro=hes with 2 ract 35 camnied by the
cmzze 16 ard rekl: seomded beneoth 1 by brackes
36 Thms. as the coriage moves alenp the rails (be
engagemem bereeem the g wherl 33 and the rack 3§
aues *r am 34 o Totsie, &5 eroalir pesition at any
ez heng deiomrced by e podton of the carriage
aionp the enzh Lithe ralls.

The moveb e 2ezanve ko 13 s carried by a <hide 37
which s suiced £ moeewsm paratiel o the w2 di-
rectioa of the leres by srble shooed peoris 38 formed
ar the voper e of the Mock 71 The shide 37 bas a
downwe: fiv promctine pin ¥ wl.ch erpages with the
pe-r":r of g oo 34 e shde 37 ‘:-.::'; vreed by
2 spring (o shesn) o o= the pio 39 iz omadt
with the o= -\sﬁemmdz'"- 37, asd coo-
sequent’y She pepative lews M, are vowed axially in sc-
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cordaxce with the required law. Thus manval rotation
of the control knob 27 moves the three lenses 12, 13,
14  the reguired manpes,
The law of movemest of the movable lenses in this
exam:ie fs a5 indicaled in the follow:ng mble whichk shows
tbe variition i tbe axial distances di, d2, dh and di:

1 R i : : I
T T T T T AR | “ta |
} - } ] R j !
iAW . AT | kO | a6 nae | suxR |
1A 1 ARty | TS} w$ Ly RS
a2 [ a3 | L0 | LU IGRI 0 P43
, .56 PN 83 L L) s T
A rwd | 4o 2u 1575 1 dwm |
1 X 2453 | &8 25 ¢ LA ! Teky
P owe | Zom ) 36 o | v BuE |
A0 i62 L] 25 ! 1aeny | 8152 :
l D.040 438 10 40 13313 sag |
| amw vt | o3 Lo ez i b4 |
L8 285 1 a0 50 o | s
b aims | a1 | 28 a5 Wi | Bu™ |
I ymia £ | 29 [ ST X ICT I W LA
‘ 2 30 L 4 13 B85 ¢ M ¥ ks :
N N1 l Lo nnooMug | SO |
{ rmn ! &es 0.5 7.3 S O PR
| v | 832 | e Logo  wam | rae o
! ' : t
The lenses have the following focal lengths (1)
Lens ; Fural Length

]
!
1
I

Ft’-l?‘.‘-‘

The above dirmensicns are eapressed in inches.

The £ wabic mven 2bove includes the value of the
focu! leazth (F) of the sysiem, expresed in inches, for
esch of the Iniad positions o the movements of movzkle
fenses.  Ji wil! be seca ther the rzuo of the maximum

* 1o the minimum focal lecpinh (20d cousequendy the ratio
of the maxiTum 10 the Cinimum mzgnifization) is about
50:1. The ovarall lecoth of the system 1s oaly of the

erazr of ore third of the maximum fozz! Jength thereof.

b mzy be seep from ke above tebls thot in Uus ex-
ax-.:!: 5e movemen: of 1t=e movabie megaiive lans rela-
v o oa v poist oo the base, whith movement is
detertnined by the variziios in the2 pumerical sum of the
dissances v and 42 is *mal.  ihe varation of the erm
{di+d2) with the distancs <, is s50wn in the above first
zasle and s zixo thown graphiczlly in Figre . Thae
dala defines the shape of the cam 34.

Figwre S shows the paths of mays 41 which reach the
stram, paralsl o the axis, from the object shich in
thic mm;:’: is at ioimity i e. 3 very larpe distzncs away,
a=d 3 my 42 from the objsct. which ray r2uzhes the
sysiem at an o.1gle of abou: 5 degrees 1o the s

Thz lens 12 forms a virmal image 2t its fo- 5 43 aad
ihat Tmuzl imace serves as the effectve ole . for the

front posidve lzns 12 The= axral disiance wefween the
pazt 43 apl the dJpase rereiver 15 is 34.67 sches, L 2.
ot ynde: sevon tmes the focal leopth »f = ch of the
positve koses 12, 13,

The lemise< are shown merelv dizgrammatizally in the
dravw.opy zad the distanses given in s thove fitst tabls
arz &Ziculael {rom the suaplified theory of ibin iepses.
Tze lemsey are each individually coriected for chromatic
aberrancns and ezzh of them may comprise two or more
comporent irases cemested together or spaced arart by
a fired drstancs or Sanng a com>inauor of cementing and
fxed spazing

The field cuverore mav be readily made small as the

absoiu'e powers of the jemses bave anm algebriic sum
which & small As the chzrges in mz2gmification of (he
.corpiste systeln are cormiputad to substantially egually
b the three r=ovabie lence: respectively the com2ction of
the cther sberrzuems is fa:ili.aud

The system of this emzrnle may be employed in oo
'ﬂ.n:tmvmat:inu.r_ TADCniting camera, & cne
carxer or the Fike but it may ahernatively be employed,
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for examric, as a variable focal keagth Frojection kems for
a film projector.

The rertion is not testricied w the detils of the
foregomg example. Fo- instznce the three movable lenses
may be emgloyed alore. or with a pair of stationary posi-
nve or megaurve leases opiiczlly before and afier them,
to provide a Symmetrice] svstern of r2nabis power work-
11g atom a rme=n magmificatian of miawy I, which system
usmbk.urlu:uaftheundkwnasprocmlm

I claim:

f. A wvariable m:gnifization optcal systsm cnmpns-
izg o pooisve (coovogpon:) lemis and & nimetve (di-
vergent) lens, all arranged oa a common opical axis
with the two podtve leasss spaced apart, and the nega-
tive lens berwesn the tw0 positive lenses and spaced from
at least one of hem, the said leasss all being movable
axially and the posigv: lenses bemg constraizsd to main-
2in a comiazd exial disiance berween them Zuring thair
axial movemex:, and, in coxbizatom widh the leasss,
magnificaion verying meees for coctisnously and -
multaneorshy movinz the two posive leoses and the
negative ler. alocg the opucal axis reiztive to a station-
ary support according to a8 iaw spch tha! the dictance
from a fixed point oz the svppon & whizh the rmage
of an object 2t a fxed distarce from the said fixed point
on the suppon &8 accurziely foonssed remains coastast
while the g== of the said zxage is r.o-mr:oudy vaned
doug the cpzraion of the mezzmificz Con vervicy mesns.
the distazes betweep the im2ge posiion for the rezr one
of the szid positive lemses and the orrespondias cop-
jugate otect position for the other of 1he stid ponitive
lanses hejcg finize and not greater numerically ihan a
smail mucple ef tne focs! Jength of one of thz said
positive leases.

2 A vanatle magiificatios opus=] sysiems as claiined
in claim 1, @n which the otjemt distumce fer the froat
one of rhs said pos.ive Jeoses it magztve o sicm aod
nemerically crezter than ths focmd keogd ef rhar front
positive Jer.. aad the imzga ..‘;—.'.s;a;:: far e rear ons
1he said positise lenses is poe _ Iz sign a3c o -mnr-
ioliv mesier than 1qe fowal lemmb of that r=ar pouly
lens.

3. A voseble mogmifcetion optical sywiam as claimed
ic Sicm 2, n which the movemest of said pegative Jeas
re.ative 10 tnat of the szid pasithve Jenses i sucl that
the magptsston of the ¢2id preztive lens ipirezses and
cecreasss puruemaaily accoriisg as e magmrcauons of
the ¢2id posifive lenses n:.'.a..c am] decrease in numeri-
ol valus

4. A variable mogenification opuce! system 3s claimed
m claim 3, in which the razzss of movomem of he said
three lenses ars such iGal 2 maximum and mizimum
maznificatice of the sysie are recrroczis ome of the
other.

5. A varia®le mzgzification gyl siem as clzimed
m claim 4, ip wkizk the =2id two prxi.ac lenasss have
equal focal wugths

6. A varizhie mzsnificaiion opuci sestem as claimed
in zls'm § ia which the movemems of the said three
onses are such tha: during ther raoez of movements
the pusitics af ths nezalive jecs relubive [0 the t¥0 posi-
tive lensss chanzes from rser ope of the posnve lenses,
at one Hm» valpe of magofsanca 1o peur the other
of the positive ko, 2@ anodier Ymit veluz of mag-
cification, which Omit walue is the recymcal of the
other Lmir

7. A variable magrfication opiical sysiem a¢ glatmed
in claim 6, in which tie zarges of mowea =2 of the mov-
abla jemves are snch that 22 oae, or secr Lt of their
moverrents the s2id negative lems b very close to one
of the said pos:tve lemas, the crerion 'of closeness bring
thar the prncizal plares of e said mepzfive fers anmd
thz adjacent positve lems heve a s refica which s
vary 2! & companisen with thetr fr=l leagths

8. A vanrble mzgnificution optieal system compising
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1wo positive lemses an1 a negative Jeas, all armnged on

2 commoa cptical axis with the two posilive lepses spaced

apunt, and tbe negative jems between the iwo positive
lemes amd sraced from at keest ope of Lhem, the saic
lenves ali beiag movable axizlly and the positive lenses
beizg coosirained o mamiin a coustant axial disiinze
neiween themn diring their axial movement, magnification
VIrying meam, in combisstcn with said lenses. fer con-
tinauously and smultrecusly moving the two positive
lenses and the megunive ieos alorg the optical axis relative
10 2 Sabeaary sepport accordioe to a law such that the
Jisiance from o fed potnot er the suppont at wkich the
imape of aa obx at a fined dist2nce from the said fixed
foinl o8 the caopont B8 accurztely focussed remairs
conttant while the size of 2 said image is continuousiy
verisd durimz the operaiicn of the magnific.ion vary-
ing means, the distance betwesn the image poaition for
th: re2r oa: of the said positve icmses and the corre-
spording coxfugaie object position far the oil .t of the
said povittve Jepwes being Gnite and not preater zuwncri-
cally thun a small muople of the foczl lenzih of either
of th: saul] pivitve Jepses, and two statiopary leases po-
siponed on he opiical axis, resprcuively opucally be-
fore :nd aier the said three movable lenses.

9. A vzri:be megniScation optical svstem as claimed
in daim 8, i which the swationzry lenses are both pos-
tve lenies. are of egrzl focal tersth and are ywmmeint-
caily posicred sbout the mid-positon of the thres mov-
alvic lemses

10. A wvarizb.e magnification optical systera compris-
iny 1wo positve lewses asd a negetive Jers, ail 2rmaepgad
i 2 commer ophizal axis with the two positive leases
¢d araru wad the pezagive lens bermeen the two
sitive lenses and spaced from at least one of them. the
4id fensey 4l beng movable axielly aod the posiive
wwes boizs constrzioed to maipi2in a3 copsiontl axial
Jistinze betigze them derng Lheir axial movement.
mutdiiAlion sarying means, in combinaidos with said
lensey, fur ceotaueusly and sooulizgeously moving the
-0 pesitive keases aml the pegative lens along the op-
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tical axis rel~Uive to a stetionrasy suprwl accordioy to a
law such that the distance from a fixed poimt on the
support 2t which ths image of ar ubject a1 a fivd dis
tanc: from the sainl fired point on ths suppent s acsu-
raiciy focussed remains conastant whils the size of the
s2id imags 15 continuousiv varied doring the opcration
of the magnification varving mesas, the digtance he-
tveeer: the imagpe position for the rear one 6f the «id
posiiive lenscs and the corresponding conjugute objoci
nostion for the other of 1he said positive lerses being
fintic 2nd not greater ngmericslly than a small mul-
tiple of the focal length of one of Lthe said pasitve lensss,
and a stauenary lens positiored opticzily im frozt of ibe
said threce rirovabie lenses.

I1. A variable magnification opiical systemn a< claimed
in clainy 19, in which the snid stajonary lens is 2 nega-
tive Jens.

12. A variable magnificaiion optizal svsiem as clamsd
in claim 1], in which the «3id stationzry lens is adivs:-
anrle along the axis to focus the system fer ebjecs at var-
ions distances from the stpport.

13. A variable magnificeiion ontical sisiem as claimcd
in claim 12, in which the said staticnary lens s of wch
focal lepgth thal when it is fcrussed ior an izdmiz ghjest

distance said stationzry leny :» positioned 12 just permic

the full mange of mosement of the movabls positve
lenses.
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PTICAL SYSTEM
Z00M O AL S
Harold E Roseaperger. i sod Berbert DL

Koropes, Rochester, NJY, msiguods to Eamch & Lomb

Iocorporated, Rovirester, N.Y, a earparation of New

York

Filed May 29, 1951, Ser. Ka. 113474
5 Claims. (CL 88—-57)

The present invention relales to q:ial. systeoss and
more particularly relaies 10 improvements in zoom type
of pancraiic optical syslems.

1';1 recerit ;zan. fens de goers have developed a mam-
ber of zoom type ofpncaﬁ:upﬁ:ﬂsymio:um
various kinds of optical apparates and pemernly these
sysiems are very complex in stucture and hirh &= cost
whenever high grade imagery + schieved. For T2IT puT-
poses the magnification renge & found 10 be 100 iimited,
particulzrly when supior immgery i demanded alomy

~ wiih a large magnificcton range.

llisanobj:acf:heprcsanimemiontnmdea
novzl zoom type of pancratic opicl 5 stem whish pro-
duces a virwz] image of an objedt 2t 2 SCLOMRIY FOMUOT,
said sustemn beine correcied ic a superior maooer for :ﬂ'l
chromaiic and rmonochromstic image aberragens ac weil
as disiortion and fiziness of £eld. )

Ano:ber object of this mvention is 10 prori: sach a
device having an extraordinzrily larpe pagrificetios rante
of 12:1 or wore withom wmerificing of the aforem=n-
ticned dssirable optical charcslerisics )

A st finber object is to provide sach 2 zoom :r;mn!
system having wimest strocrural ond opucal s=Fiany
comsistent Witk sum=rior opic] performance 2zd low
cosL

Further objects and advantzgss of tuis fmve=ica wiil
be found m the form and arrazcement and in te detuils
of swrustere of tre pans tiereof M reference o the
svecification berebelow when studiad @ caxesics with
the 2ccompanying drawings ig wimon

FIG. 1 is an optical diz;ram shywizg 2 pr=ferr=d fona
of the prasert fmvention, .

FIG. 2 is a 125 of construciions] data which is reluted
to ihe or’ical system in FIG. 1; i

FIG.  is a chart which is explonziory of ooz fea-
tures of this invention, . . ]

FIG. ~ is an opticsl Cugram of ths fnvenrion showing
ore ojeraive posilon Lheredf, anc )

FIGS. 5 znd 6 are fominer opiisl diasran showang
uther operztive positions thereol

An opiica] svstem generally indicated by puczmal 10 ¢

is shown in F1G. 1 of the drawing, acording 10 2 pre-
ferred farm of the presen! mveniics.

According to this invemtiog, d sysiem 18 coprises 2
from lens "nazaber 11 of posilive power and a rer leas
member 12, of nerative power which cpoperathzly mo-
duce 2 virtzal maze I of an objea O, said Iz ¢ beicg
formed im the: space §; at a2 stionzry podiiion bwema
the object O #nd 1he lexs member 1L Mechomico! mezos,
not shown, are provided for mouniirg membes 11 and
32 for axial motian, and for movicg sid menbers d_if-
feremially and simulmaneonsly as shown in FIG. 2 with
fespec: 1o zny fixed point an eir optical 2xis s that the
virtual moase 1 oy be ooty vacad m s2s a.ls_aid
stationary position troughom a range of e=c=ificatica
of 12:1 or mor=.

The opeical cmmﬁmoi:himemmscp-
cially desicned for £ cxtended Tange of mzzifcuan
beyond 12:1 if desired and ths veefnl wopeTy of e
syﬁcmbachkvddmgvi&m&hqad:m
soch a5 a superior coTeclion l‘uaﬂchrmﬂ:z?quno—
chromatic image aberraticns s well 26 con, asticmatsmt,
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distortion and fatness of ficld. The front lens membe
11 kxs a posidve foca! lergth F, and ihe rear lens mem-
ber i2 has a negarive focal iength Fa per se which 1s nu-
merically expressed by the inequality,
BSF1<~F3< 95F,

The variable space S; between the member 11 and the
object changes througbout the 200m racge acd at the
terminal ends of its travel it has the values given here-
below.
125F, <5< 1.55F; (at 1.2X%)
.90F1<S1<1.20F| {at 14.4%)

Likewise, the space S; between the lens member 11 and
member 12 changes throughout the zooming action, vary-
irg &y shown dingremmaticaily in FI1G. 3.

In tae preferred form of the invention as shown in
FIG. 1, the fronl Jens member 11 comprises a compouad
me niscus lens consisting cf 2 double concave elemest 1,
and a double convcx clement L; located in contact with
ity rear conmcave suriace. The positive focai iength of
the meniscus Jens (L,. L.) ha2s a vzlue betwneen 5.0F; and
6.0F, Funther comprised in said front lens member 11
1 a doukble convex single lens L; located rearmardly of
said memiscus lens and baving a positive focal kencth
which is between 12F; and 1.4F,. Lens L, is spaced a
fixed dist-nce S, rearwardly of the meniccus lens (L, L),
S, baving a value between .00<F, and .11F,.

The aforcszid rear lecs member 12 is preferzhly com-
po=ed of a doubie concave lens element L huving contiat
rezrwardly with a2 meniscus elemment Ls. ihe interface Ry
therebeiween being copve: toward the front

Resarding the compourd front lens (L,. Ly), the radius
of the first lens surfee 2, shetld have a vzliee betweza
26X md 1.7 1be sum of tae radii of &2 next .0 l:ns
surfaces W, and Ry, Furtkermere the sum of the r2dh
of the froot and back leas surfaces Ry and R, respectively
of lens L, should be berween 1.54% and 1.62X the sum
of the radij R, ard R;. With rezard to ths rear lens
member 12, the fivatl surfzce P thareo! should have a
1adius equal to berween 15X and 2.0x the radius of
the rear surface R,.

A more compicie stalemert of consiuctionsd dzia
for the cpucal sysiem whick silisfies the reoul ements
of thc prewent inventon is given in the 1able hoiznzlow,
wherein R, 10 Ry zre 2 rodii of the sucaessive lens sur-
{aces, 71 10 15 2re 137 axiul thicknesses of the successive
lens elemcars L, to Ly, S, f0 S, are Lha spazes berween
tbe jenses and £M and » iie tespectively the sefruziie
i:dex ang the Abbc number respeclisely of the glasses
in Said eicments.

3.%0F, <~ R; C4.06F,
T3 +R YL,
.73F]<—R3<.91F]
1OF, <+ R<L28F,
13F,<—Rs<157F,
1.0F. < —R¢< 1.2F,

32F 1<+ R 39F,
SIF1<+Re<67F,

S50F, <0< V61F,
J85FK13<130F,

DYF, <13 110F,
DS1F <1, <. 067F,

.065"‘-1 <ts<< .07 SF,

S0F <5, <1.20F; (highest m)
00-F,<53<C 115,
I7F1<S5-<4TF, (least m)
350F, <53 <3.64F; (highest m}
1.717<Ap (1) <1.723

1456 < Np(2) <1500
IS15<ANp(3) <1319
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1515<Np(4) <1319

L717<Np(5)<1.73

66.0<r(2)<68.0

63.5<r 3) 658

635<r(3)CESS

289<=(5)<29.7
wherein F, denotes the focal lezgth of the first lens m:m-
ber 11, and m dereiss the magnitication of the ol-ject
cocper-dvely produced by the two lens members 11 and
12,

The conswructional data for ons successful form of the
Fresen! invention it given speciiicallr in ‘the wstle nere-
below and 2s shewn in FIGe2 of the drawing wherein
the symbols R, 7. S, elc. we ihe-sama 3s specified in
the foregoing tablc, a3 F.L. designates the focal lengths
of the lepses L; to Ls.

4 :

It should be emyhasized at this point that the zoom
optical syst=m 10 a5 above described is mot limiled to
a zoom raace of 12:1 as mentiored 10 connection with
one form of this invention, but the ranoe may be ex-
tended comsiderably withomt structoral changes in the
oplical parts and withowl sacrificing any of the superior
opiical performance waisd in the objects of this inven-
tion.

Although only a preizrred form of this inventior has
been shewn and dE‘—:L“'u 7 de1ail changes may begmade
in the details ef eorstuction and form of theparts and
substiiutions meay 2 g ade theresin  without d:paning
from the spisii of the inv:miau = caimed {g the ap-
pended Aaims,

We claim: - L

1. A zoom tvyz of panostc orical system co-rected
for~chromatic and meaochromatic image abeuz.x.ons and

_Zc‘om.:ymm
- Nagniieatior: ranee = 12:1] .
-
Lens Radius F.L. | Thickness Spaccs [ »
g /=335 at 1.2
T\= 6901 2t 214X
Bi==17T01
| P —A29 | 4=25 L™} w3l
R:=JT67 &
) PN +39.2 [ 15 Liwe | &
Rym =30.07
Sa=0.3
Ri=52.45
- E— +5.7 ] hwis 1517 ] &8
B.=s =605
- o J=18.535 at 12X
: ST =160.731 3t 144X
RB=-%.%
| S — -4 L=t 1.517 ] 68
sml16.14
b U +45.6 | 5=22 L0 X3
: RiwZ 4

The operation of a 2com opuczl system constructed
axterding to the zbowe specifieg o;.'.:':..l data is best un-
dersicad by referemze 1o FIGS. 4, 5 and 6 of the draw-
ing wherein ray traz2s are shown for two typical rays,
16 and 17. As here shown, the axial positions of the
movable lens mem=ers 11 and 12 are shown for tiree
tm: :.'! magnifications which are 1.2X (FIG. 4). 4.8%
{F1IG 5) and 14.2 4 (FIG. 6) zorresponding to the mo-
tors indicated in 17e curves 13 and 14 of F1G. 3. Sim-
fzrv to FiG. 1, th2 otject O is shown at the left of the
opdzal dinzam 2nd o indicated by the dotied lines 18,
the lens members 11 and 12 form a virtual image I,
showa in domad lires 2iso, al an axially fixed position.
As tbe lens meambar: are simultansously moved through
their excursions, the virtual image remains fixed in posi-
fica at I wahile w22 magnification of said image goes
throuzh the range cf 12:1. The sizes and positions of
the lens members 11 and 12 ars chosen so that the
mmags § remains ©f constant size throughou! the zoom
rang., the cposerned area of the o':,::l O decreasing as
L= mogiistion of the system is increased. The sys-

iem thus prasenss zn imoge of consizni size which may

be prjestad or visuafly observed throuch the mse of suit-
able auxitiary op sysizms (no! shown).

Given bersbelc. is ¢ tnbie waerein the spaces S, and
Sy are specified for the aforemeniicrsd magnifization
range of 12:1 as rzlaled to the opiizal system 10.

Zoom Power & &
12 & 325 18. 83%
p . - 6. 970 48, 237
e 074 &S, 12
48 54 98 $3.63
&n. _ 805 . 519
2 51.5%4 e 3nd
LYY —- S x-3 1= 769
6. —— o 44y 1 9
WS ® &N . 14
™0, .19 ML, 42
noe < | NG
144 46 vl I 16 QN
32

having a sebrzmizly By B2l «id sysiem comprising
a front lens member which comsists of a2 compound
meniscls lans which is conzzve 0n the obieat side and
has a posuive focd !—...-:.h of betwcen 5.0F; and 6.0F,
where F, is the fozzl lenzth of the fromt member and is
composed of a froo: doutle cons.e element having its
suriace of sirongsat curvature in coniast with a reer don-
bl: convex element and further meludas a doubie convex
lens spaced a fived distznce rears:rdly thereof and hav-
ing a postve fozz! lerzth of betwzm 12F, and 1.4F,,
said syslem cormztising 3 doudpie cencave compound
rear lens member which i optically aligned rearwardly
of the from! mm‘vr and has a nesarive foeal length
which is sabstort’~ily 9'F. and wiich s composad of
a2 front doubls c_-w:'.'e elerm=m havinz its surface of
strongest curvaiucs forming a mresfoce witk a rear
convex<onsana eiement wherein the concavo surface
is rearmost and his weaker amaiwe than the inter-
face, sail members being movatle with respect to a fixed
point on tie'r common opucal axis simeliznsously and
continuovsly ar difarent rates se as to form a virtoal
image of comtinuariy vorizbie size of 23 object at a
stalionar, pesiion n szid axis trozgh a magniication
range of greaier the1 <: 1, and sand n:embers being spaced
2parnt a distanze berwsen 37F, 2nd 47T, when the svs-
tem producss leas: mapnificrtion and being spaced apart
a distance beiveen 335F, and 3.6-F, wben the system
produces highest ma-mfum tha space berwean the
object nd thr frer mepier ‘being correspondingly be-
tween 125F; and 1.55F,; wheo the sysemn produces ieast
magni.cation and Letwesn 90F, amd 120F; when the
system roduces 12 groatesd m:aﬁm:an.

2. A Toom tvpz of pancratic op'ical system as set forth
in cuim 1 wherein said renmisns lens is formed of 2
double canave from: element znd a double convea rear
element 20d further churacierized by lems radu which
bave nomerical va'ues as given bercoclow:

20(R-Ry) <R <27 (ReE-Ry)
L54(Ra~ Ry ) <B(+Ry<LA&2(RLKR3)
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the radius of the front suiface of said negative mem-
ber being between 1.5 and 2.0 times the radius of the
rear surface of said negutive member, wherein R; to Ry
designate the ridius of the Jens surfaces named in ondex
in the front lens member. 5
3. A zoom type of pancralic optical system 2s set
forth in claim [ wherein said meniscus lens is formed
of a double concave freat element and a double convex
rear element, and said rear member is formed of a from
double concave element ond a rear neniscus element, the 19
constructional data for said system being pivea i the
table of inequclities beyghelow:
3.80F, < —R, <4.06F,
.7_3F1<+R:<.9lf: 15

- .1'3F1<—R;<.9]F1

* 1.0F,<+R.<1.28F,

* 13F<ZRyg1.57F,
1.0F,<—R,<12F,
IF <+ F1< 39F
S3F, <+R,<.67F, o
.050F, <1< 061F,
AS5F <1< 190F,
089F, <13 . 110F,
OSIF <1, < 067F, on
LGSF, <5< .07SF; bl
25F <5< 1.55F, (least m)
YO0F, <8, <1.20F, (higbsst m)
D0IF | <Sa< 1 1F,
37F1<5;<. 47F, (least m) .
35F, <5, <3.64F, (highest m) <

6

th= mmnerals 1 to 5 designating the saccewive componant
lems clements mamed m order {rom the front of lbe
mk,mhdmmhndiofu:mpcmve
R, being relazed 10 2 cememted lens in-

io l,u'cn»le thicknesses of the successive
"selrmemss-rtpr&nts the axial space between the
cbpumdl.hcﬂmlms.andslnd&remmlhe suc-

g
oet

4 A romn npe of pxwrnatc optical system com-
Frising a front lens member of posiive power and a - “ar
Jers member of nefatve poser optically aligned Lhere-
with, the from member consisting of threx lens elements
axd the rear member comsisling of two elements, said
merobers beinz movable axially smultaneous!y and con-
tinuonsly relaiive 1o a fixed poimt on the axis so as lo
form a virtual image of variable size at a stationary posi-
tion: alomg the axis of an ebject. the constructional data
therefor being given 11 the table herebalaw wherein L,
to Ls desirnaie the successive lems elemeats in order
from the fromt., R, to R, depote the radii of the jens
sarfaces, F 1. designaies tbe focal length 1, to 5 denote
the thitknesses of the Jens elements, § represents the
axizf srace between the obi=ct and the first lens, and S,
ard S, represest the sorzessive avizl spaces between the
lenses, xvd ngp 20d r represemt the refractive index and
Abbe number respectiveiv of the clas from whick said
cements are made,

Zoom Trsem
Dtgnicowe rage-=12]
leos EBaalits FL | Thrkpes Ersres " l »
qleu wl 10X
| L =46 B g1 144X
h;==TT00 i
) S S —9 . =25 Lo
il
ORIGINAL PA@E@ Le— Rz | TUEA= s Lo | o0
UA ’ R=2G )
OF POOR Q L i +5.T  mdS LRT ) MRS
| XE L+ -3 .
e =R £ 1 1.5%
=l Sl at HAX
-y
| DU, =24 | tm2S LSIT] 6.3
Poe M
) PRSI . +0.6 | =32 LT | =3
R=T R l
1.717<np(1)<1.725 5. A zoum optical svsiem arvording to claim 3 where-
1.496<np(2)<1.500 in the rear surface of the from douile concave element,
1515<np(3)<1.519 55 aod %2 front and rear sorfoces of the double convex
1.515<np(4)<1.519 dﬂnaaﬂhaw the same radius.
1.717<np(5) <1.723
22-3(’(%)('-’3-(7] Refereaces Cie? in the filc of this patent
23152:23322525 UNITED STATES PATENTS
63.5<u(d)<h5.5 2,844,996 Klemt July 29, 1958
28.9<(5)<29.?
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COMPACT ZOOM LENS CORRECTED OVER A
LARGE KANGE OF MAGNIFICATION
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Japan
Filed Apr. 15, 1964, Ser. No. 360,023
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38/19,678
1 Chaim. (C1. 350-—176)

ABSTRACT OF TEE DISCLOSURE

Compact zoom lees beving a zooming ratio as larpe
as 12 and a relative aperture as great as f/1.8, the lens
heing highly corrected over a larpe range of magnifica-
tion with little variation in aberration upon zooming op-
eration; the Jens comprisicg foar components, a first fixed
convergent lsns group, a second axially movabie di-
vergent zooming leas groTp, a third leps group moving
axially correspoading to the axial movement of the sec-
ond lens grou to avoid movement of the paraxiul image
point and a fourth fixed and image forming lens group.

This inveniion relates to 2 zoom kens, and more par-
ticularly to a zoom lens highly corrected over a lorze
rance of magriisation. An obG:I of the mvention is O
provide miniaturized zoom lems Lizhly corrected over a
large range of mapnificaton

Anotker obiest of the imventcs is to provide a compazt
inexpensive 770m lens highly corrected over 2 magnifica-
ton of a2 leas: ten 1o oze.

Anciher o~izot of the inventios s to provide soc3 3
wom Jens which s of suple form and of a comsinu-
ton suvitzble jor ecomomical prearfactore and wtiich i®
capzble of supesior performanze whea ased wihh photo-
graphic o5eciives baving a relaiive aperture as geat as
/1.8,

Terther objects and advantsges will be apparent in
the details of constraction and arranzement of pasis 2s
described in ibe specification hereailer takem together
with the drawnz, ip which:

FIG. 1 is 2n optical diagrem of one dlostrative form
of zoom lens constructed according to the imvemtion;

FIG. 2 depicis the graphs representng the correction
for sphericzl sberrotions and the deviation m the sine
condition of the: zoom lens showe i FIG. 1 at the wide,
mezn and tekep50i0 poTLons;

F1G. 3 depicts the graphs representing the correction
for estigmaticm and m2gs curvatore of the 200m lens
at the wide, maan and taleshols positions;

FIG. 4 dapicts the graphs rerresenting the correction
for drtontion of the zoom lem 2t the wide, mean and
telephoto position; and

F1G. 5 doplcts the praphs represer’ing the correction
for transverss chromatic aberrxions at the wide, mean
and telephoic positione

It s to be tndersiood that the terms “from™ and “rear”
as used bereinafier tefer 10 the ends of the zoom lens
respectively pzarer the Jorzer and shorter cozjugaies
thereof.

The reiriatarized zoom lers sys'em in sccordznce with
the rresemt inveniion copsists of foor eompcnems: a
fxed comverzert compumert (T), a5 axially movabie &

vergent zooming comypocest (11), a componeat moving
axizlly eorrespondicy 10 the axial movement of sad
secord compopent o avoid movement of the paraxial
image poizt, and 2 fxed aed image forming compozent
(IV). The instant system smishes the following two con-
ditiges:

(1) The foxt compor==t cocmsed of three positive

10

kLY
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members indudes a cemented donblet of a pegative and
a positive lens, in which all the singie posilive lenses bave
Abbe mrmbers more than 55, and all the single nepative
Iemses Jess than 30. satisfying the foilowing conditdons:
91—01,-;;'<0.25:‘1’;l

lpr—P1n| <0259,
[Pr—9 141 <<025!84}

0<X <X, <X3<05

wheremn, the refractive power ¢ and shape factor X of
the three positive members are numbered, respectively,
by sobscripts in order from the front to rear, and the
refractive power of the whole first component is desig-

and

nated by &,
The shape facior X s defined as
_Uritlin
X={ir=iin

whoere 7, and ry denote respective'y the radd of curva-
wre of the rear and front surfaces of the lens memxber.
The definition acd the meanirg of the shzpe factor is dis-
closed in "Wave Toeory of Abberation”™ by H. H. Hep-
kin, poplished b= Oxford at the Clarenden Press, 1950,
paees 119 through 121.

(2) The second component composed of three neca-
tive members inciuding a cemented doublet of pega-
tive and positive lemses, in which 2ll the pegative lemses
have Abbd: mumbers of more thzn 50, and zll the posi-
tive lenses of less than 30, satisfes the fcllowicz coo-

ditiops:
!wl_éz <c 1 ¢2.1
lee— &2 ~g0.Te,!
oo $231<00 &
and
=15 X (KX <X <0

wherein, the refractive power ¢ and shane factor X of
the three members are numbercd, respectnely, by sub-
scnips o ordsr frem foot & orezr, and ke refrectve
power of the wholz second component is desoted by s

FI1G. 1 shows one embodiment accordinz to the pres-
e mvention, wherein (1}, (IT), (Ii1) and (IV) denoi=
the components comprising the whole sysiezy, L, 2, and
3 the members compreing the compoznent (1), zmd 4
§ 2nd 6 thoss comprising compenent (1),

¥ 3 zo0m lens system s minizturizad while mamtain-
ing its laree ooming ratio, the focal lensths of every
component would pecessarily bave to be shortesed,
whereby scre deierioration im the correcticn of the
aberretions would be caused As a countermazsure agzizst
this, there/ore, it is necessary 10 kegp these focal lengths
lopger by widenisg the moving space of the movabie
component with the axial thicknesses of poth said mow-
2hie componerts, with those at the fror! and at the back
of the sam2 at thin as possible. On the other hand, 10
mingize variation in chromatic aberrations, each com-
panert sSculd separately be achromatzed, which ac-
companies a short radivs of curvame of the cemenied
sorface 2nd an increase i said axial thicknesses of the
componeris. Thocgh this increzse of the axial thickness
cosirzdicts the above menticzed COuntermease, ab-
servasce of the Abbe numbers mentioned in the above
condtons successfully elioinates these mconvenicnces
and suSSerry improves the aberration correcticn.

Aberration variations during zoomicg operalion =
most!ly cansed by the first and second compoments, and
to defezt soch variations, the residual zherratioas of both
compopens mid constantly be kept pearly egoal bt
of the opposite sitn. and, moreover, O decrezse veriation
in higher order sbermations, which i coised by ine co-
bimation of the third order aberrations cgosed by the
third apd /marth cocrponznts es also by the frst and sec-
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. 3
ornd comisonenis, each of the first and sccond components
should be sepsrately well correctzd. In such a zooming
systzm having oot only a zooming rztio as larpe as 12
but also a laree aperture ratio. the incident point of the

4
FIGS. 2, 3, 4, and 5 show respeciively the aberration
curves for the spherical aberralions, astipmatism, dis-
tortior, and chromatic aberrations 21 thc shortest (65
mm.), miermediste (50 mem.), and lon i5 mm.)
1o Thé ‘abGve men.iored embodiment, which

refractive surfaces of the marginal rav and the grincipal 3 L !
ray is greaily changed during zooming operction, and  Provides an excellem quality af zoom lens system ac-
therefore the above mentioned expedicnis are particclarly cording to tbis imvertion. L .
impontznt for such a systez. For suc a zoom lens system Whiie the invention is thos described, # is not frrited R
baving a large 200ming ratd it is gencrally desired that tosthe precie valves &ven. any change may ke readily
when it s set at wide position, distortion and astigmatism, g Mdde without deparzing from the spirz of Lk igvention
which are conspicuous in 1he edge of the image field. an What ] claim is: . - -
when it is set az felephoto gosition, spherical acd chro- 1. A vwwm lens comprising foar cocpooents: a fir |
matic aberrations,-which are significa..t in the center of  Convergent corpunent, a smcond azial'y moveble dg=r-
the imape fieid, are substamiially hichly corrected: the gent zooming componesl, a'tfnrd comrponent moving
present invemive system baving the firsl and second com- 15 axially corresponding lo the azizl movezent of the sezend
ponents respectively composcd of three members, each of coinponent to avoid movement of the parzxial im&e point ™
which bas power and shaps &ciors as defined in the  2nd a fourth fxed acd imazz formisg componeat, the
above condilions, satisfactori.y fulSils such essential and ~ leas being comsirocted in substacticl compliance with the
generzl requirements. foliowing table where the dimeerisas are given in mili-
A preferred example of the zoom lens forming a spe~ 20 Meiers, agd procesding from the front W the rear 7, o 7
cific embodiment of the inveniion. and having a magnifi- designate the radii of curvatars of we sarface, &, 0 dy
cation range of about rwelve 1o one. is constructed in  the axial thickpesses, 5, te 5;; the axial separations, n; 10
conformity with the followicz table wheren dimentions r1a the indices of the indizes of refraction for the sodizm
are in lerms of miilimeters, and the retractive indices for D-lize and V; to Vig the Abbe dispersicn numbers; the
the sodium D-line aid the Abbe dispersion pumbes ae 25 Sumeisal valos of 5, & 24 §;, reprosers, respectively,
respeclively desicnated at m oznd v, the radii r, thick- e spacicgs berween tbe fird, sesozd, third, acd fourtd
nesses d, spaces s, eifective fozzl length F, and apeture componesits for three positions of the movable cox-
ratio §, arc pumbered, respecavelv, by subscripts in order ponents as they are moved 12 previde ot least minimum,
from front to rear. intermediate, and maxmum mepuifications.
?asm S 18 30 F e f 118
n w3569 il ™ =178 n=zs >F°
¢, =12 s, =752 "= ) =€.66 k4
s =61.68 & =87 =Ll r=g9 X
<o =87 %, =LT3 n =89 n=—G2
N o hlS 35 n =0l
n =0l re w182 43 i
" =152.45 { € =30 = =L mes2 00T
¢ =il e LENl n =803 3 wco
) ”~ =01
4; =0.1 1y m6h. 54 B
Py w=55.04 ‘ 4o =34 ny =1 000 5 =503 > v
¢ =34 8, =L&nl 3 =603 40 (m =13
LI D) B «L152-3 3644653
oy =1 100-38. 3645 253 7y a=fC 55 ' a2
eomilis ¢ =29 4 =1508 - IS
dy =28 2 <1.50518 Y- n = —d5.07 -
7 w407 4 =08 a =1 B50 =8 ~ o
do =06 Ny = 1TSS o =506 w=3.0
r=3C.0 a7
=il [y =00 -
- 45 & =24 = =1LB0SS ne=Rs Srv
¢ =20 » =180518 =253 {ru=—4348 e
puy——ti.8 d =08 LSS m=508 . _.Friny
$ =l »: =].78535 n =548 ro=32.73 -
rp=36. 3 o =23
3 =25 P14 —36.73 e 7
= —33.73 4 =008 - = LI »n =60.3 T
dy =06 gy =] 62041 » =603 50 lru=1a8&2
Ca=iind # = 5LET-1.091-3 19
a0 =51 5570012 196 T4 =—21.48 P
{rrme =24 4R ¢a=08 e=121C3 re=6t] T
drom(.6 =] 51633 nefil P
Ta=lk by =L =460 ]
dn=18 = ] 53256 my=46.0
P — 2536, K83
£ =121 L e
{m-—;u.m‘3 o= LEW =9 -orie 12
b=l - LS3E] ~
rym =233 - 'g P
2 =0J e
72638,  Sy=183 m=i8 ~>-
En=L4 2p=1.68 m=410
Pl 37
8y =i »‘,‘ . ﬂ’
rgm13.1 X =150 By S
=25 2,,=LS&II3 ne=503
P2iomen54 57 dyy=08 ap=15L2 =27 sr !
dy=08 =L T82 =287
a=4l.09 mo:-ﬁ.l
8 P~
104 85 Y- ay=L1CRZ meiig DFIT
d,0mB.0S Y- m=i50 Poye =25 .
e -—28 05 Sg=1 19385 a8 S50
dry=Qs fie 163835 "y=300 )]
91 "~
su=0.6 rec 03
=19 = 16200 =3 5.7
du=lB sy=l O m=83 7¢ g =i 82
rape—05.£2 L2
nim01 P
L’:-M do=19 ae=loen @y > C
=10 Lend «3 L)
) e = Back fooapet 20
Back formai.2n
s (Relereoces am fullowing page)
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APPENDIX C

COMPANY INFORMATION

Information was requested from the following companies:

Rank Precision Industries, Inc.
411 East Jarvis Avenue
Des Planes, Illinois 60018

Celestron International
2835 Columbia Street
Torrance, California 90503

Fuji Optical Systems Inc.
4855 Atherton Avenue
San Jose, California 95130

Arriflex

25-20 Brooklyn-Queens
Expressway West
Woodside, New York 11377

Angenieux
7700 N. Kendall Drive
Miami, Florida 33156

Canon U. S. A.
One Canon Plaza
Lake Success, New York 11042

Zoomar Optical Systems

55 Sea Clift Ave.
Glen Cove, New York 11542
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TYPICAL LETTER

Angenieux
7700 N. Kendall Drive
Miami, Florida 33156

Dear Sirs,

I am looking for what is available, or modifiable, for a zoom lens
to be used in a space mission. Could you please send any information,
including optical system layout if possible, on any system which would
come close to meeting the following specificatioas:

Variable focal length 20 to 200 cm

Image size (on vidicon) 18.6x18.6 mm
F/number F/8

Spectral range 400 to 1000 nm
Volume 30x30x70 cm

Back focal length 9 ¢m or more

Front focal distance 10 m to infinity
Thank you.

Sincerely,

Douglas W. Ricks
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ANGENIEUX INC.
120 Derry Road, P.O. Box 7

| ] |
N Hudson, New Hampshire 03051
ke Telephone: (603) 889-2116
_ : Telex: 94-3469

16 July 1984

UNIVERSITY OF ARIZONA
Attn: Mr. Douglas W. Ricks
Optical Sciences Center
Tucson, Arizona 85721

Dear Mr, Ricks:

Mr. Juergen Schwinzer of Arriflex has forwarded your request for
information on a zoom lens to be used in a space mission to my
attention. |

Angenieux guality lens systems can very well meet your optical
reguirements. Enclosed please find dossier technigques and
literature on the Angenieux 42X zoom lens for 1" and 1%" tube
formats.

If additional information is required, please do not hesitate
to contact us. We welcome your continued interest in Angenieux
products.

Sincerely,

mengCKSiksxxknﬁg

ANGENIEUX, INC.
Henry A. Peterson
EO Technical Sales

HAP/ps

Enc.
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T.Ts. N°® 102284 A

ANGENIEUX ZOOM L

42 x 32 E 11
RENSEIGNEMENTS TECHNIQUES (suite)
~ TECHNISCHE DATEN {Folge) .
" "TECHNICAL DATA (Continuation) : IR T

R

Diametre de la ]entllle avant _ s .
Freier Durchmesser der ersten linse ) 180 x 160 mm
Clear aperture front glass

Diametre de la lentille arritre
Freier Durchmesser der letzen l1nse - 28 mm
Clear a perfu"e rear glass

by Xterieur ..
Dxa'x.met ee térieur maximal , 220 x 190 mm '
Grosster Aussendurchmesser v
Maximum overall diameter '

Rotation des bagues de commande -

Stell ring
Total angular rotation .
1) Mise au point - Schiarfe - Focus Déplacement : 24 mm
2) Zoom _ R L 188° - '
3) Iris - Blende - Iris . o 95°
‘ , Couple maximal . axe horizontal .
NMaximalérehmoment
Maximam torgue - - .
1) \.nse au point - Schirfe - Focus 0,7 cm“kg‘
2) Zoom (prise de mouvement) 0,9 cm kg
3) Iris - Blende - Iris : : 0,5 cm kg
Poids o _ ' 35 kg en version manuele
Gewicht _ _ - avec capot,avec platine
Weight _ : sane pare - soleil

Monture neutre
" Neutral fassung
Neutral mount

Centre de gravité :
par rapport au'plan image dans l'air. 450 mm environ

CRIGHuAL Pmb iS
OF POOR QUALITY
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A AVSENIEUX

-/

ORIGINAL F&GE 1§, N° 102283 A

S

/ SO 'ANGENIEUX ZOOM

OF POGR Quat Ty

' .RENSEIGNEME&'TS TECHNIOUES - TECHNISCHE DAT

42.x 32 E '11

N - TECHNICAL DATA

9

TV PUMBICON 1" 1/4

Distances Focales
Prennweiten
Focal lengths

32 -
1,26" -

‘1344 mm

53 L

QOuverture -
Cffnung
Aperture

£/2,37-7,6 - 1/26

Diametre du champ image
Bildfeld Durchmesser

21,4 mm’

Imag'e field diameter 0,845 "
Tirage optigue {dans l'air) 64,7 mm
Schnittweite (in luft)
Fack focal length {in air) 2,55 "
Facteur photométrique ‘
Photometrischer faktor 1,31
. Photometric factor
.‘ Champ angulaire objet Diagonal 35° 3 54!

Bildfeld winket
Object angular field

Horizontal 28°52 3 46
Vﬁztjcal 2.2° a_ 34

Mise au point minimale
Nahpunkt
Shortest focusing distance

4 -m: -

Avec bonnettes . ='n* 1

With clbse-upienses n* 3

Mit vorsatzlinsen = . 'n® 2

© e 3

Plus petit champ objet
Fleinstes bildfeld

Smallest object field

37,4 x 49.6 m~rn

1,47" x 1,95 ™"

Avec bonnetteé . n® 1

.
[{Y)

Mit vorsatzlinsen n

With close-up lenses n° 3
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CORPORATION OF AMERICA S

[ ] ]
7700 N. Kendall Drive - Suite 303
enleux Miami, Florida 33156
- Telephone: (305) 595-1144

Telex: 80-8425

CRIGINAL PAGE IX
OF POOR QUALITY

ne 5th, 1984

ie University of Arizona
tical Sciences Center
iIcson, Arizona 85721

tn: Mr. Douglas V. Ricks
: Zoom Lens for Space Mission

.ar Sir: I

ter consulting with our factory in France in regards to your letter
I May 22nd, we would like to propose the following lens.

om 10x18 T2 lens which would cover the 21.4 mm format but back

cal length will be 50 mm. To reach 90 mm back focal length, we

i be using a 10x40 Tl Zoom F/1.5. 1In this condition, the exact

X ocal distance would be 87.7 mm and the format 40 mm. Is this

zceptable? s
> find that 18.6 x 18.6 mm is excessive in vidicon tubes.

lease advise us with reference to the above. Thank you for your
1terest in Angenieux optics.

Lncerely,

FMN[

>seph A. Martinez
L.ce President

\M:dr1l
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APPENDIX D

PRELIMINARY REFRACTIVE DESIGN

PRECEDING PAGE BLANK NOT FILMED
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Zaen THPE 2o

BASIC LEMS DATH

SURF RD : TH MEDIUNM FH DF
(7] v.vu00B08 0. 100000E 12 AIR
1 45.140c84 4.283954 SCHOTT SK 16 1.e20411 -0.857
g -37.669434 Z. 450121 AIP
3 -29.27V11z9 0673914 SCHOTT SF& 1. ed7e549 8.370
4 84.446706 . E7B69E HIE
5 J6.231188 3.032389 SCHOTT SK16 L.ecadll  -8.0%7
& -360.67 3864 31.987545 AIE
7 11.473710 B.632647 SCHOTT SK16 l.e20411  -0.057
8 3.262479 B.0830z4 AIPR
E 3.3377z1 1.1%6369 SCHOTT SFe 1.647589 0.8v0
10 5.67VZ495 g.673z0e AIF
11 -12.283494 1.331681 SCHOTT Sk iG l.ece4d411l  -p.0s7?
1 Z@7.6741093 4.4740e¢ HIE
13 18. 42478 1.9737V70 SCHOTT Skin l.eZ8d411  -0.057
14 -6.923343 1.24539¢6 AIK
15 -4.51%431 8.5868080 SCHOTT SF& 1.647689 0.870
16 13.814128 1.408c39 AIR
17 8.834839 c.00vuen SCHOTT Sk1s l.e20411 -0.057
13 -13.730:80 3.715380 ARIR

19 -3.269180 v.500289 SCHOTT SK16 1.620411 -0.057



09

-3.269180

1 8.%06289 SCHOTT sk 16 1.620411
2 1.635510 B.639543 AIR
21 -21.562267 B.5464¢2 SCHOTT SFe 1.647689
22 -11.652065S @.5335a2 AIR
23 4.3988k0 H. 500000 SCHOTT sKi16 1.620411
24 -3.3331°% 2. 0060000 AIFR
25 8. 8000un o. 0668000 AIR

REFRACTIVE THDICES

SURF M1 Hz "3 H4 M=
1 1.628411 1.638527 1.6838929 1.000000 1. bB00Go
3 1.647689 1.684855 1.628939 1. bovBuY 1. 0000608
> 1.620411 1.638527 1.683929 1.v0Bvbo 1. 060000
7 1.620411 1.638527 1.608929 1.0v0vBae 1. 0eo0oa
9 1.647689 1.664065 1.628939 1.0voooe 1.Basovan
11 1.628411 1.638527 1.6688929 1.pbvves 1. 0B0E06GO
13 1.5268411 1. 638527 1.608929 L. aoooeo 1.6000849
1< 1.e47659 1.&68406% 1.628939 1. BoBpuao 1. vuooaon
17 1.620411 1.56358527% 1.683929 1. bovaea 1.0060000
19 L.ecodlt l.638527 1.e08959 1. go@euy 1. gooooa
Z 1.647633 1.68405% 1.628939 1. tpovvo 1. 680000y
2 1.620411 1.638527 1.6088529 1. 88008086 1. 800000

CC AND ASPHERIC DATA

SURF CC HD AE AF

2 2.95378E-81
8 -6.73870E-82
13 -3.50468E-01

un
-3

=
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19 -1.83876E 91

FEF OBJY HT

-B3.657999E 03 0.38 DG
EFL EF
199.8144 S 15 Y]

LENS IS CURFEHTLY IN CFG d

ALTERHATE CONF IGURATIONS

PARAMETEF SURF
CFG ¢
SHY i
FLCy 0
Py 1
TH &
TH 18
TH &
CFG 3:
SHY i
FLC Y 5]
Py 1
TH 2
TH 18
TH &
CFs 4
SHY i
- PUCY a

FEF AP HT

0OBJ SUFF

2.83541 5]

F.HEBEF

V.95

LEHSGTH
£9.999¢6

CURRENT YALUE

Ml (N~

[ de

17.

)

Ll v R ET
- ) O & 8D
RO NI AR v I A W IR

. 8068806
.811743
. 8upv8e
.696891
. 874881
. 535569

O owe S S =

AR v s R
e N0 C0 ~3 &
— R

!

. 2580849
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Cx fa\(/l'o'/v ric

SEOMETRIC OTF: FOoUS = @.8425@0
TAPGET: SRS 45 DG 50 D6 3o mm Focad leng i
FREQ HOD FHA MOD FHA MOD PHA -
0.0 1.000 6.0 1.060 0.0 1.000 0.0 Cornev
1.0 G.995 -0.0 6.958 @.s m.922 8.7
2.0 @.950 -6.0 6.840 0.8 6.714 1.2
3.0 @.356 -6.0 @.668 0.8 0.442 9.8
4.4 §.325 -9.0 B.472 a1 @. 135 -2 4
c.0 . 0.890 -0.0 @.284 -z.0 G.02 —56. 1
6.0 A.352 -6.9 G.129 ~E8.E 8.094 -153.E
7.0 G.815 -6.0 0.027 —5g. 7 0.188 -165.7
3.0 @.778 -0.0 B.057  -1%58.7 G.030 -159.3
9.0 0,745 -6.0 0.034 -170.0 .08 -138.7
19.8 B.714 -6.8 B.0987 -174.0 3,056 -54.8
11.0 @.687 -6.0 B.875 -173.7 9.031 ~65.5
17.0 0.663 -6.0 8.957 -163.6 3.@35 -S6.7
13.@ 0.641 -8.0  ©.045 -137.0 B.0589 -47.9
14.9 0.619 -0.0 0.948 -100.6 @.062 -33.3
5.0 @.596 -0.0 @.063 -76.7 @.923 12.3
16.0 8.572 -0.9 B.07 ~62.5 d.039 5.6
17.0 6.547 -0.8 0.08a -S1.6 B.063 122. 3
18.0 g.528 -8.0 @.873 -40.9 0. 064 132.1
19.0 G.497 -6.9 @.055 -27.7 0.041 136.6
Z0.0 0. 464 -8.0 0.0833 -0.8 . 085 105. 4
21.0 9. 436 -6.4@ 0.825 61.1 n.028 -27.8
27.0 B.409 -8.0 6.040 102 .4 §.040- -30.5
23.08 . 384 6.9 0.0854 115.6 8.0829 -36.6
24.0 9. 362 -8.19 @.859 117.3 0.008 -87.3
5.8 0. 347 -8.0 9.054 112.5 8.021 163.9
26.0 @.324 -0.0 0.042 99.2 0.832 154.1
27.0 0. 308 -0.0 8.031 72.2. 0.030 141.2
28.0 0.392 -8.0 8.825 27.9 0.020 131.8
23.0 8.276 -0.0 0.030 -16.8 0.911 170.8
_ z0.0 0.260 -0.0 8.041 -47.9 0.629 -135.5
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